Introduction {#sec0005}
============

The first cases of glenohumeral arthrosis resulting from rotator cuff injuries were described by Adams and Smith, in 1850, *apud* Feeley et al.,[@bib0155] but it was Neer et al.,[@bib0160] in 1983, who used the term "arthropathy of the rotator cuff" for the first time to describe a combination of massive rotator cuff injury together with upward migration and femoralization of the femoral head and erosion of the acromion with possible acetabularization.

Regarding etiology, Garancis et al.[@bib0165] proposed the name "Milwaukee shoulder" for this pathological condition and suggested that it might be caused through accumulation of hydroxyapatite crystals inside the joint, which would then be phagocytized by synovial cells, thereby releasing proteolytic enzymes and leading to joint destruction. Neer et al.[@bib0160] put forward the hypothesis that mechanical and nutritional alterations would interact in the etiology of the disease. Mechanically, the presence of massive injury to the rotator cuff would cause an imbalance in the pairs of forces and would result in upward migration of the head and erosion of the acromion. The uncovering of the head would lead to unsealing of the joint with loss of negative pressure and extravasation of the synovial fluid to the soft tissues. The quality of the remaining fluid would diminish and this would lead to degeneration of the joint cartilage and osteopenia through disuse.[@bib0160]

This disease affects women more often, and particularly between the sixth and seventh decades of life. The dominant limb is more commonly affected and bilaterality occurs in 10--25% of the cases. The natural evolution leads to progressive chronic pain and limitation of activities. In physical evaluations, supraspinatus tests are positive. The subscapularis can be evaluated through the Gerber or liftoff test, and patients may present pseudoparalysis and test positively for the Hornblower sign. Nighttime pain and loss of range of motion are common, especially with regard to elevation and external rotation. Recurrent anterior edema (geyser sign or fluid sign) resulting from increased fluid pressure on the subacromial bursa may also be observed.[@bib0155], [@bib0170]

The forms of treatment range from conservative treatment,[@bib0175], [@bib0180] which is always indicated initially, to arthroscopic debridement,[@bib0185], [@bib0190], [@bib0195] hemiarthroplasty,[@bib0200], [@bib0205], [@bib0210] reverse arthroplasty[@bib0215], [@bib0220], [@bib0225] and salvage procedures such as arthrodesis[@bib0230], [@bib0235] and resection arthroplasty.[@bib0240] Currently, anatomical total arthroplasty is proscribed for treating this pathological condition because of the low success rate, high rate of loosening, high attrition and instability generated through the phenomenon known as rocking horse.[@bib0245]

Recently, the popularity of reverse arthroplasty has increased. The concept of the current models is based on the principles of Grammont, with medialization and inferiorization of the center of rotation, which boosts the action of the deltoid.[@bib0215], [@bib0250]

The objective of the present study was to evaluate the functional result from reverse arthroplasty for treating arthropathy of the rotator cuff, the complications from this procedure and relationships with types of injury.

Materials and methods {#sec0010}
=====================

Between January 2010 and November 2013, the Shoulder and Elbow Group of the Department of Orthopedics and Traumatology of our institution conducted a retrospective epidemiological study that involved reviewing the medical files.

This study was approved by the Ethics Committee of the institution at which it was conducted.

The inclusion criteria were: (1) arthroplasty of the rotator cuff already established; (2) imaging examinations that demonstrated massive tearing of the rotator cuff; and (3) trophic deltoid presenting strength grade [5]{.smallcaps}.

The exclusion criteria were: (1) permanent injury to the axillary nerve; (2) arthrosis of other etiologies; and (3) previous fractures of the glenohumeral joint.

Using these criteria, 27 shoulders in 24 patients were included in our sample.

All the patients were operated by the senior surgeon of the group, and all operations were performed with the patient in the deckchair position. The approach used was a transdeltoid superolateral access ([Fig. 1](#fig0005){ref-type="fig"}). The implant model used was the Delta Xtend Depuy^®^. The injuries were classified in accordance with Seebauer[@bib0255] for the degree of arthropathy and Valenti et al.[@bib0260] for the notching.

After the procedure, a suction drain was installed and this was kept in place for 24 h. The patients were released on the second postoperative day. Between the times of the surgery and release, the patients received 3 g of cefazolin intravenously, divided into three doses of 1 g each.

The patients were followed up ([Fig. 2](#fig0010){ref-type="fig"}) two weeks, six weeks, three months and six months after the operation and annually thereafter. For all of the consultations, the patients underwent trauma series radiological examinations on the scapulohumeral joint. At the consultations, the patients were evaluated using the UCLA score and a questionnaire on complications and the degree of satisfaction with the procedure was filled out.

Statistical analysis {#sec0015}
--------------------

The results relating to quantitative variables were described using means, medians, minimum values, maximum values and standard deviations. Qualitative variables were described using frequencies and percentages. To compare groups defined using the classifications of Seebauer[@bib0255] and Valenti et al.,[@bib0260] in relation to the UCLA score, the nonparametric Mann--Whitney and Kruskal--Wallis tests were used. A *p*-value \<0.05 indicated statistical significance. The data were analyzed using the SPSS v. 20.0 computer software.

Results {#sec0020}
=======

The data registered in relation to 27 shoulders in 24 patients who underwent shoulder surgery were analyzed. These patients were evaluated before and after the operation in relation to the UCLA score. Their mean age was 77.4 years (range: 60--89). The mean length of follow-up among the patients analyzed was 25.8 months (range: 6--51).

Among the 24 patients, only one (3.7%) was male and the other 23 (96.3%) were female. In relation to the side affected, 14 (51.9%) of the cases were on the right side and 13 (48.1%) were on the left side.

According to the Seebauer[@bib0255] classification for arthropathy of the rotator cuff, 19 (70.4%) of the shoulders were classified as 2A, five (18.5%) as 1B and three (11.1%) as 2B ([Table 1](#tbl0005){ref-type="table"}).

There were 15 cases of complications, 14 of notching and one of dislocation of the components during the immediate postoperative period, in which revision with exchange of the polyethylene piece was necessary. Up to the time of the most recent follow-up, only this patient has undergone revision.

In relation to the presence of notching, 13 (48.1%) of the patients did not present this complication, while nine (33.3%) presented grade 1 according to Nerot and five (18.5%) presented grade 2 ([Fig. 3](#fig0015){ref-type="fig"}).

The preoperative and postoperative UCLA scores were compared and analyzed. The postoperative UCLA scores were compared with the presence and degree of notching and its severity according to Nerot.

The mean preoperative UCLA score was 10.1 (range: 6--15). The mean postoperative UCLA score was 29.8 (range: 20--35).

The mean increase in UCLA score from before to after the operation was 19.7 (*p* \< 0.001), thus showing that the patients attained a statistically significant functional improvement ([Table 2](#tbl0010){ref-type="table"}).

The null hypothesis that there was no correlation between the pre- and postoperative UCLA scores (correlation coefficient equal to 0) was tested versus the alternative hypothesis that a correlation existed (correlation coefficient differing from 0). Spearman\'s correlation coefficient was estimated as 0.18, without statistical significance (*p* = 0.360). This meant that although there was a significant increase in UCLA score subsequent to the operation, there was no relationship between lower preoperative UCLA scores and postoperative UCLA scores that were also lower. Thus, we cannot affirm that there was a correlation between a poor functional score before the operation and its postoperative result.

In the analysis on the correlation between the postoperative UCLA score and the presence of notching and its severity according to the Nerot classification, the null hypothesis that the results would be equal for the groups of patients with notching of grades 0, 1 and 2 was tested versus the alternative hypothesis that at least one group would have results that differed from those of the other groups. In this analysis, the nonparametric Kruskal--Wallis test was used.

The patients without the presence of bone erosion (Nerot = 0) presented a mean postoperative UCLA score of 29.5 (range: 23--35). The patients with notching of grade 1 according to Nerot presented a mean UCLA score of 31.1 (range: 22--35), while those who presented notching of grade 2 presented a mean UCLA score of 28.2 (range: 20--35). In evaluating the difference in postoperative UCLA score and its correlation with the presence and degree of notching, we found that the presence and severity of notching did not have any correlation with the functional result obtained (*p* = 0.446) ([Table 3](#tbl0015){ref-type="table"}).

Only two patients said that they would not undergo the procedure again.

Discussion {#sec0025}
==========

Although the initial treatment should always be conservative, consisting of changes to activities, oral analgesics, physiotherapy and intra-articular infiltrations, surgical treatment generally becomes necessary. Glenohumeral arthrodesis has the aim of pain relief, but absence of this joint leads to overloading of the acromioclavicular joint and may cause pain in this joint. However, this technique is also a salvage alternative for patients who have already undergone other surgical procedures and for those presenting irreparable rotator cuff defects, histories of infection or deficiencies of the deltoid.[@bib0230], [@bib0235]

Another salvage procedure that is possible is resection arthroplasty. This is indicated as a salvage option and last treatment option in cases of chronic infection subsequent to osteosynthesis with bone loss, or after infected arthroplasty procedures.[@bib0240]

Conventional arthroplasty is a technique that has been greatly used, but without the lower compression force vectors, the humeral head would become displaced upwards and would lead to an eccentric load on the glenoid component, which is an effect known as the rocking horse. Thus, this technique is proscribed today.[@bib0245], [@bib0250]

Hemiarthroplasty is a viable option with good results, especially in patients who still present satisfactory preoperative range of motion. The risk of reabsorption of the glenoid and acromion, which is a complication related to this treatment method, is associated with previous acromioplasty and resection of the coracoacromial ligament. Studies have shown that resection of this ligament and a history of previous acromioplasty are related to worse results because of instability and upward migration of the prosthesis.[@bib0200], [@bib0205]

The patients' mean age was 77.4 years, which was slightly greater than the mean in the worldwide literature, in which the majority of the patients were still completing their seventh decade of life. The dominant side was more often affected (55%) and females were affected in much greater numbers (96.3%). These data were similar to the findings of other studies.[@bib0265]

The complications from reverse arthroplasty include notching (the commonest complication), infection, instability, hematomas, loosening of the glenoid component, loosening of the humeral component, dissociation of the components, fractures of the acromion, other fractures and neurovascular lesions. In the present study, there were 14 cases of scapular notching (51.9%) and one of dislocation of the components. There were no cases of infection or other complications. The notching rate was similar to that of the literature, while the general complication rate was lower.[@bib0180], [@bib0265], [@bib0270], [@bib0275]

The complication most frequently encountered in the literature is notching. This is characterized as attrition or reabsorption in the inferoposterior portion of the scapular neck. Its severity was stratified and classified by Valenti et al.[@bib0260] There is still some controversy in the literature regarding its clinical relevance. In our study, notching was the commonest complication. We found that its incidence was 51.9%, a percentage that was within the range in the literature, which has been from 19% to 100%.[@bib0265], [@bib0280], [@bib0285] The factors that contribute to the presence of this bone erosion include the learning curve, position of the glenoid component, diminished acromial-humeral space and fatty infiltration of the infraspinatus. Inferiorization of the baseplate is the factor that contributes most toward this complication.[@bib0285] The presence and severity of notching as classified by Nerot did not present any relationship with the functional result, i.e. the presence or absence of this complication did not affect the result from the reverse arthroplasty or the patient\'s satisfaction with it.

There were no cases of infection in this group. According to the literature, this is the second most frequent complication, with a rate of around 5%.[@bib0265], [@bib0290] The absence of soft tissues around the rotator cuff that is associated with elderly patients, with formation of hematoma and large numbers of previous surgeries, contributes toward infection in reverse arthroplasty. The agent most commonly isolated in infections, according to the literature, is *Propionibacterium acnes*, followed by *Staphylococcus epidermidis*.[@bib0290] When present, the infectious condition has an insidious nature, with nonspecific pain, and it may lead to loosening of the humeral and glenoid components. This may lead to unsatisfactory results and greater numbers of subsequent surgical procedures needed to treat it.

In the literature, there are few studies on periprosthetic fractures in arthroplasty procedures involving the glenohumeral joint.[@bib0295] We were unable to find any specific articles on humeral fractures from reverse prostheses in our survey, and we also did not have this complication in our sample.

Instability of the "ball and socket" interface of the component of the prosthesis leads to dislocation. Its incidence ranges from 0% to 14%.[@bib0265] The lack of compressive forces associated with a shallow humeral component is the factor most correlated with dislocation. This complication tends to occur within the first months, and closed reduction is the immediate treatment. When it is recurrent, new surgery becomes necessary in order to correct the possible technical failures. We only had one case of dislocation (3.7%), which occurred during the immediate postoperative period, while the patient was being transferred to a bed. The humeral component became loosened and the patient then underwent revision surgery in which the polyethylene component was exchanged for a larger one. This patient evolved satisfactorily, without recurrence of the instability.

When there is an indication for reverse arthroplasty, erosion of the acromion by the humeral head is already present. With this prosthesis, the length of the arm increases by 2.5 cm on average and the tension on the deltoid also increases. In addition, the medialization of the center of rotation increases the tension on the acromion. This leads to the risk of fracturing the acromion, which may occur in up to 3% of the cases after reverse arthroplasty.[@bib0300] In our group, we did not have any cases of this complication. Preoperative lesions of the acromion do not contraindicate arthroplasty, but when fractures occur after the operation, there is a correlation with worse prognosis and functional results from reverse arthroplasty.[@bib0300] Their diagnosis may go unnoticed and there needs to be a high degree of suspicion according to the clinical condition that the patient presents, with confirmation by means of radiography and tomography when necessary.

The mean preoperative UCLA score of 10.1 showed that the shoulders evaluated presented poor functional capacity in relation to daily activities, with limitation of the range of motion and presence of pain. Comparison with the mean postoperative UCLA score of 29.8 shows that there was a statistically significant improvement (*p* \< 0.05), with a mean difference of 19.7 on this scale. Among all the patients, only one of them (3.7%) declared that he would not undergo this surgery again. This demonstrates that the rate of satisfaction with the surgery was high among these patients. In comparing the postoperative UCLA score with the presence of notching, it was noted that there was no correlation between these two parameters.

Conclusion {#sec0030}
==========

Reverse arthroplasty was shown to be an excellent option for treating patients with arthropathy of the rotator cuff, with satisfactory functional results. Notching was a frequent complication. However, in our sample, this did not present any clinical repercussion, even though our series may have been limited by its small sample size.
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![During the operation: (1A) insertion of baseplate with locking screws and cortical screws; (1B) fitting of glenosphere; (2A) insertion of cemented humeral component; (2B) fitting of polyethylene piece and reduction of the components.](gr1){#fig0005}

![Elevation and external and internal rotation in a patient, 12 months after the operation.](gr2){#fig0010}

![Notching: reabsorption of the lower portion of the scapular neck.](gr3){#fig0015}

###### 

Arthropathy of the rotator cuff according to Seebauer classification.

  Seebauer   Frequency   Percentage
  ---------- ----------- ------------
  2A         19          70.4
  1B         5           18.5
  2B         3           11.1
                         
  Total      27          100

###### 

UCLA score before and after the operation.

  Variable                   *n*   Mean   Median   Minimum   Maximum   Standard deviation   *p*-Value[a](#tblfn0005){ref-type="table-fn"}
  -------------------------- ----- ------ -------- --------- --------- -------------------- -----------------------------------------------
  UCLA before                27    10.1   11       6         15        2.8                  \<0.001
  UCLA after                 27    29.8   31       20        35        4.2                  
  Diff UCLA (after-before)   27    19.7   19       11        29        4.6                  

*p* \< 0.001 and therefore showing statistical significance for comparison of UCLA scores from before to after the operation.

###### 

Correlation of notching with difference in UCLA score from before to after the operation.

  Notching   *n*   Diff UCLA (after-before)   Standard deviation   *p*-Value[a](#tblfn0010){ref-type="table-fn"}              
  ---------- ----- -------------------------- -------------------- ----------------------------------------------- ---- ----- -------
  0          13    19.2                       17                   14                                              29   4.7   0.225
  1          9     21.3                       23                   11                                              26   4.6   
  2          5     18.0                       18                   12                                              24   4.3   

*p* = 0.225 and therefore showing that the correlation of notching with UCLA score did not present statistical significance.
